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OBSERVATION ON THE ELEMENTAL ABUNDANCE3 OF LOW-ENERGY COSMIC RAYS I N  

J U L Y  1964 

D.  V. Reames and C.  E. F i c h t e l  
Goddard Space Fl igh t  Center  

Greenbel t ,  Maryland 

Abs t rac t  

I n  a sounding rocket  experiment flown a t  F o r t  Church i l l ,  Manitoba 

i n  Ju ly ,  1964, nuc lea r  emulsion d e t e c t o r s  w e r e  used t o  s tudy t h e  composition 

and f l u x e s  of primary cosmic-ray nuc le i  wi th  charge Z 2 3 above t h e  atmos- 

phere i n  t h e  reg ion  of k i n e t i c  energy from 40 t o  220 MeV/nucleon, 

r e s u l t s  show a l i g h t  (3 I Z S 5 )  t o  medium (6 5 Z 5 9 )  f l u x  r a t i o  of 

The 

.16 - + .07 i n  t h e  40 t o  100 MeV/nucleon reg ion  and a heavy (Z 2 10)  t o  

medium r a t i o  of .42 - + .ll i n  t h e  70 t o  160 MeV/nucleon i n t e r v a l .  The  

e lemental  s t r u c t u r e  of t h e  m e d i u m  nuc le i  is found t o  con ta in  (40 - 4- 7)% 

carbon,  (10 :;)% ni t rogen  and (48 - -I- 7)% oxygen. 

back through approximately 2.5 g / c v  of i n t e r s t e l l a r  hydrogen t o  t h e  

source ,  one f i n d s  a f l u x  of n i t rogen  c o n s i s t a n t  wi th  zero. 

Ext rapola t ing  t h e  f l u x e s  
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I. In t roduc t ion  

Much of our  p re sen t  understanding of t h e  o r i g i n  of cosmic r ays  

and t h e i r  propagation through i n t e r s t e l l a r  space r e s u l t s  from t h e  

s tudy  of t h e  abundances of multiply-charged n u c l e i  i n  t h e  cosmic-ray 

f l u x  a t  k i n e t i c ' e n e r g i e s  above a few hundred MeV/n~cleon ' -~ .  

p a r t i c u l a r  i n t e r e s t  t o  examine r a t i o s  of t h e  f l u x e s  of t h e  d i f f e r e n t  

heavy n u c l e i  (having approximately equal charge t o  mass r a t i o )  s i n c e  such 

f l u x  r a t i o s  a r e  i n s e n s i t i v e  a t  a l l  energ ies  t o  t h e  somewhat poorly under- 

stood modulation mechanisms which a f f e c t  t h e  f l u x e s  themselves. The f l u x  

r a t i o s  i n  the  energy r eg ion  below 200 MeV/nucleon should be s e n s i t i v e  t o  

t h e  amount of i n t e r s t e l l a r  m a t e r i a l  t r ave r sed ,  owing t o  t h e  d i f f e r i n g  energy 

l o s s  r a t e s  of t h e  p a r t i c l e s  of d i f f e r e n t  charge,  i n  a way which depends 

upon t h e  energy spec t r a  of t h e  p a r t i c l e s  a t  t h e i r  source.  

It i s  of 

The ex is tence  of a measurable f l u x  of heavy n u c l e i  i n  t h e  20-200 

MeV/nucleon range was demonstrated i n  a September 1963 sounding rocket  

experiment flown a t  F t .  Church i l l ,  Manitoba us ing  l a r g e  s h e e t s  of nuc lea r  

emulsion a s  a d e t e ~ t o r . ~  

June 1964 using an improved v e r s i o n  of t h e  o r i g i n a l  appa ra tus  t o  extend 

t h e  range of measurements t o  charges Z 2 3 and t o  unambiguously i s o l a t e  

only those  p a r t i c l e s  of primary o r i g i n .  

The experiment r epor t ed  h e r e i n  was flown i n  

An a d d i t i o n a l  advantage of a sounding rocke t  obse rva t ion  of cosmic 

r a d i a t i o n  n o t  shared by balloon-bourn experiments i s  t h a t  t h e  observed 

composition i s  e n t i r e l y  f r e e  from secondary p a r t i c l e s  produced i n  i n t e r -  

a c t i o n s  i n  the  atmosphere. Though c o r r e c t i o n s  f o r  such i n t e r a c t i o n s  may be 

appl ied  t o  t h e  g ross  charge groups comnonly i n v e s t i g a t e d ,  t h e  p a r t i a l  c r o s s  
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s e c t i o n s  f o r  i n t e r a c t i o n  i n  a i r  a r e  not known on a n  element by element b a s i s  

wi th  s u f f i c i e n t  p r e c i s i o n  t o  determine t h e  d e t a i l e d  elemental  composition 

of t he  cosmic r a d i a t i o n  a t  the top  of t he  atmosphere. 

d e t a i l e d  charge s t r u c t u r e  of cosmic rays may provide a d d i t i o n a l  information 

about t h e  source and i n t e r s t e l l a r  propagation of t h e  r a d i a t i o n .  

Knowledge of t h e  

11. Experimental procedure 

The nuc lea r  emulsion d e t e c t o r s  used i n  t h i s  experiment w e r e  s t a c k s  

of 600 p x 6.3 c m  x 29 c m  I l f o r d  G.5 p e l l i c l e s  wi th  18 p e l l i c l e s  pe r  

s tack .  The s t a c k s  were arranged i n  3 t r a y s  which could be extended a t  

a 17.5O angle  wi th  respec t  t o  t h e  sk in  of t h e  Aerobee 150 rocket  with 

2 s t a c k s  pe r  t r a y .  

sounding rocket  had l e f t  t h e  atmosphere, a t  which t i m e  they were extended. 

As t h e  t r a y s  w e r e  extended t h e  top  p e l l i c l e  of each s t ack  w a s  d i sp laced  

by 1 cm so t h a t  subsequent matching of t h e  t r a c k s  would a l low t h e  i s o l a t i o n  

of t h o s e  which en tered  during t h e  exposure. 

seconds,  a f t e r  which t h e  t r a y s  were r e t r a c t e d  and t h e  top  p l a t e  of each 

s t a c k  w a s  r e s to red  t o  i t s  i n i t i a l  pos i t i on  i n  p repa ra t ion  f o r  re -en t ry  

The t r a y s  were kept i n s i d e  t h e  payload u n t i l  t h e  

The exposure lasted about 350 

i n t o  t h e  atmosphere. Extension and r e t r a c t i o n  each took about 7 seconds. 

The t o t a l  amount of material above the top  emulsion w a s  .091 g/cm 

equ iva len t ) .  

2 (emulsion 

A f t e r  p rocess ing ,  t h e  top p l a t e  of each s t a c k  w a s  a rea  scanned f o r  t h e  

tracks of a l l  p a r t i c l e  e n t e r i n g  i t s  sur face  wi th in  t h e  d i p  angle  (< 65O) 

and i o n i z a t i o n  c r i te r ia .  The minimum i o n i z a t i o n  accepted w a s  se t  s u f f i c i e n t l y  

low t o  i n s u r e  t h a t  a l l  Z = 3 t r a c k s  would be selected and i n  p r a c t i c e  t h i s  

meant over  h a l f  of t h e  a lpha  p a r t i c l e s  were a l s o  included i n  t h e  pre l iminary  
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s e l e c t i o n .  These t r a c k s  were then followed i n t o  the  s t ack  and a l l  t r a c k s  

which f a i l e d  t o  fo l low ( i . e .  were d isp laced  by 1 cm with respec t  t o  t h e  

top  p e l l i c l e )  o r  f a i l e d  t o  s top  i n  the  s t ack  were r e j ec t ed .  

Charges of t h e  p a r t i c l e s  were determined from d e l t a - r a y  counting. 

I f  n6 (R) i s  the  number of d e l t a  r ays  p e r  u n i t  l eng th  a d i s t a n c e  R from 

t h e  t r ack  ending then a p l o t  of log N6 = log Ji n6 (R) dR vs  log R f o r  

a given t r a c k  produces a curve whose shape does not  change with t h e  charge 

(o r  mass) of the p a r t i c l e  i f  one neg lec t s  t h e  small  e f f e c t  of range 

ex tens ion  caused by charge pickup. For p a r t i c l e s  of t h e  same charge 

t o  mass r a t i o  one may w r i t e  

log N 6  - log Z = F ( log  R + log Z )  (1 1 

s o  t h a t  curves  f o r  p a r t i c l e s  of d i f f e r e n t  charge a r e  d isp laced  d iagonal ly  

from each o ther  by t h e  log of t h e i r  charge r a t i o .  A l l  charge i d e n t i -  

f i c a t i o n s  i n  t h i s  experiment were made us ing  t h i s  technique.  Delta 

rays  were counted using a p a r a l l e l - l i n e  r e t i c l e  i n  t h e  microscope and 

count ing t h e  rays which appeared t o  extend beyond t h e  l i n e s  on e i t h e r  

s i d e  of a t rack  t h a t  was centered on a c e n t r a l  l i n e .  A count using a 

narrow l i n e  spacing was f i r s t  made t o  sepa ra t e  t h e  a lpha  p a r t i c l e s  from the  

h igher  charges of i n t e r e s t .  The narrow l i n e  spac ing  requi red  t h a t  t h e  d e l t a  

r ays  extend a t  l e a s t  1.8 u from the  c e n t e r  of t h e  t r a c k .  A t  l e a s t  two 

independent counts were then made f o r  each heavy t r a c k  us ing  a wider  l i n e  

spacing which se l ec t ed  d e l t a  rays  extending a t  l e a s t  4 . 3  p. This  spacing 

w a s  more convenient f o r  count ing t h e  heavier  t r a c k s .  

d i f f i c u l t i e s  i n  counting t h e  high d e l t a - r a y  d e n s i t i e s  of t h e  heav ie r  t r a c k s  

and p a r t i a l l y  t o  t h e  e f f e c t s  of range ex tens ion  mentioned p rev ious ly ,  

charges  of t h e  h ighly  charged p a r t i c l e s  a r e  underes t imated  by our  method 

Owing p a r t i a l l y  t o  
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of ana lys i s .  To co r rec t  f o r  t h e s e  e f f e c t s  a " sa tu ra t ion"  c o r r e c t i o n  was 

appl ied which increased the  measured charges by an amount which va r i ed  

from a few percent  a t  charge 10 t o  about 20% a t  charge 26. The resu l t s  

and conclusion of t h i s  paper are r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  d e t a i l e d  

na tu re  of t h i s  kind of co r rec t ion .  

F igu re  1 is a comparison of t he  charges of t h e  p a r t i c l e s  accepted as 

determined by two d i f f e r e n t  observers  and i n d i c a t e s  t h e  charge r e s o l u t i o n  

obtained.  

The so l id-angle  cons idera t ions  of t h i s  experiment a r e  similar t o  

4 those  PreviouslY reported 

t i o n s  making an angle  of g r e a t e r  than 90° with  respec t  t o  t h e  magnetic 

f i e l d  d i r e c t i o n  were excluded. 

t h e  rocket  and might have r e s u l t e d  from i n t e r a c t i o n s  i n  t h e  atmosphere. 

The p r o b a b i l i t y  of s topping a given p a r t i c l e  is a func t ion  of i t s  range i n  

except t h a t  a l l  p a r t i c l e s  wi th  a r r i v a l  d i r e c -  

These p a r t i c l e s  would be coming from below 

t h e  d e t e c t o r ,  and an e f f i c i e n c y  f a c t o r ,  as a func t ion  of range, can be com- 

p i l e d  from geometr ical  cons idera t ions .  Th i s  func t ion  i s  e s s e n t i a l l y  f l a t  

f o r  ranges from 2 t o  12 m, a lower l i m i t  of s l i g h t l y  over 1 mm being set 

by t h e  requirement t h a t  p a r t i c l e s  en te r  t he  second p l a t e  i n  order  t o  in su re  

t h e i r  a r r i v a l  when the  rocket  w a s  ou ts ide  t h e  atmosphere. The e f f i c i e n c y  

f u n c t i o n  used was found by numerically i n t e g r a t i n g  n.dA dQ over the  allowed 

area and s o l i d  angle  f o r  a given p a r t i c l e  range where n 

a r r i v a l  d i r e c t i o n .  For p a r t i c l e s  of intermediate  ranges t h e  t o t a l  allowed 

N r V  

is t h e  p a r t i c l e  
N 

z a rea - so l id -ang le  f a c t o r  was 1680 cm s t e r .  

w a s  determined by the  condi t ion  tha t  t h e  c o l l e c t i o n  e f f i c i e n c y  be g r e a t e r  

than  20% of the  m a x i m u m  va lue  poss ib le  i . e .  t h a t  t he  range be l e s s  than  

about 2.5 cm. 

The upper l i m i t  on the  energy 
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Scanning e f f i c i e n c y  was determined by a rescan  of approximately 25% 

of the  t o t a l  a rea  and was found t o  be between 96 and 99% f o r  t he  d i f f e r e n t  

observers.  Considerable e f f o r t  was made i n  t h e  o r i g i n a l  scan  t o  i n s u r e  t h a t  

t h e r e  be no b i a s  a g a i n s t  t h e  l i g h t  n u c l e i  a s  evidenced by t h e  l a r g e  number 

of Z = 2 n u c l e i  included i n  t h e  o r i g i n a l  sample. No a d d i t i o n a l  l i g h t  n u c l e i  

were loca ted  i n  t h e  rescan  and t h e r e  i s  no evidence of a charge dependent 

scanning e f f i c i e n c y .  Angular d i s t r i b u t i o n s  were a l s o  searched unsuccesfu l ly  

f o r  evidence of scanning b ias .  

111. Resu l t s  and Discussion 

A .  General Fea tures  

D i f f e r e n t i a l  f l u x e s  of t he  l i g h t ,  L ,  medium, M y  and heavy, H ,  

n u c l e i  c o l l e c t e d  i n t o  30 MeV/nucleon energy b ins  a r e  shown i n  Figure 2. 

For comparison with t h e  d i f f e r e n t i a l  f l u x  va lues  of t h e  M and H n u c l e i  we 

a l s o  show t h e  smoothed a - p a r t i c l e  s p e c t r a  5-8 m u l t i p l i e d  by the  high- energy f l u x  

r a t i o s ,  0.070 and 0.027 r e spec t ive ly .  No 0 - p a r t i c l e  d a t a  taken  i n  Ju ly  

1964 have been reported f o r  ene rg ie s  below 100 MeV/nucleon and t h e  curves  

i n  t h i s  energy region have been obtained by an a p p r o p r i a t e  averages  of d a t a  

taken  before  and a f t e r  t h i s  pe r iod .7y8  

Rat ios  of f luxes  of va r ious  c o n s t i t u e n t  charge groups a r e  shown i n  

Table I toge the r  wi th  energy i n t e r v a l  from which they  a re  taken. 
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Table I 

Observed P a r t i c l e  Rat ios  

Charge Group Rat io  Energy I n t e r v a l  
(MeV/nucleon) 

L /M .16 2 .07 40 - 100 

(10 5 Z 5 15)/M 

(16 5 Z 5 19)/M 

-29 - + .09 

.02 _+ .02 

70 - 160 

70 - 160 

(Z 2 20)/M .11 - + .05 70 - 160 

.42 + .ll 70 - 160 H / M  - 

' 
The t h e o r e t i c a l  imp l i ca t ions  of these  r a t i o s  when compared with t h e i r  

higher-energy va lues  a r e  of cons iderable  i n t e r e s t  and w i l l  be d iscussed  i n  

a subsequent paper. 

B. Elemental S t r u c t u r e  

Even a casua l  observa t ion  of Figure 1 revea l s  cons iderably  f i n e r  

s t r u c t u r e  i n  t h e  charge spectrum than  t h a t  descr ibed  by t h e  charge groups 

d i scussed  above. The elemental  s t r u c t u r e  of t h e  f l u x  of medium nuc le i  

between 40 and 160 MeV/nucleon i s  shown i n  Table I1 along with t h e  "universal"  

and s o l a r  abundances. 

Table I1 

Composition of t h e  Flux of Medium Nuclei  

11 Cosmic-Ray Abundance ( t h i s  work) "Universal  Abundance" So la r  Cosmic- 
Element A t  E a r t h  A t  Source (2.5 gfcmL) Cameron" Suess and Urey'" Ray Abundances 

40 + 7% - 38 - C 

N 10 't: - 0  

1 33 + 4% 25.3% 11.2% - 
+2 

6.5 20.9 -6 

56 + 7 - 48 + 7 - 62 68.1 67.9 - 0 

F 2 + 2  - - 0  .004 .005 < 2  



-8- 

It i s  of i n t e r e s t  t h a t  d a t a  repor ted  from bal loon-borne observa- 
, 

t i o n s  of higher-energy cosmic r a y s  i n d i c a t e  a r i c h e r  n i t rogen  content  

than  t h a t  reported he re ,  while  t he  OGO-I s a t e l l i t e  experiments flown 

more r ecen t ly  confirm our  r e s u l t  of N/(C+N+O) "10%. Even though t h e r e  

are many experiments a t  h igh  energ ies  whi& give  higher  va lues ,  SOW c a r e  

must be exercised i n  drawing conclusions about t he  energy dependence of 

t h i s  r a t i o  s ince  t h e r e  a r e  seve ra l  e f f e c t s  t h a t  might enhance t h e  observed 

n i t rogen  abundance. 

obtained.  

Not t he  l e a s t  cons ide ra t ion  is  t h e  charge r e s o l u t i o n  

Many of t h e  ba l loon  experiments were designed only t o  r e so lve  

charge groups and any broadening of t he  neighboring carbon and oxygen 

charge d i s t r i b u t i o n s  could enhance t h e  apparent  number of n i t rogen  n u c l e i  

if not c a r e f u l l y  e l imina ted .  F u r t h e r ,  t h e  i n t e r a c t i o n  of a l l  n u c l e i  w i th  

2 2 8 i n  the  r e s i d u a l  atmosphere above a ba l loon  would enhance t h e  abundance 

of N and C i n  a poorly-known way, t h i s  e f f e c t  being aggravated by p a r t i c l e s  

, co l l ec t ed  during ascent  of t h e  ba l loon  i n  many experiments.  Experiments 
14 

wi th  high charge r e s o l u t i o n  such as those of Balasubrahmanyan and McDonald 

and of O ' D e l l  e t  a l .  
15 

each f i n d  N/(C+H+N) =., 16%, though t h e s e  experiments 

may s t i l l  s u f f e r  from e f f e c t s  of t h e  over lay ing  atmosphere. 

Turning a t t e n t i o n  t o  the  nuc le i  of even charge one can s e e  from 

I Table I1 t h a t  the  O / C  r a t i o  of 1.2 rfr 0 .3  is s t i l l  cons iderably  smaller 

than  the  r a t i o  from un ive r sa l  abundances but  is  c o n s i s t e n t  w i t h  s o l a r  abun- 

dances wi th in  s t a t i s t i c s .  Again our  d a t a  are c o n s i s t e n t  w i th  t h e  O G O - I  

r e s u l t s , b u t  apparent ly  incons i s t en t  w i th  t h e  r a t i o s  obta ined  i n  ba l loon  

experiments which t y p i c a l l y  g ive  .64 . AS i n  t h e  case  of t h e  n i t rogen  

abundance i t  remains t o  be proven t h a t  the  d iscrepancy  cannot r e s u l t  from 

15 
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f ragmentat ion i n  t h e  overlying atmosphere. One could ,  i n  p r i n c i p l e ,  

observe the  e f f e c t  of f ragmentat ion in  t h e  atmosphere by comparing 

ba l loon  r e s u l t s  from d i f f e r e n t  a l t i t u d e s  but  a t tempts  t o  do so  are 

f r u s t r a t e d  by varying degrees  of charge r e s o l u t i o n  and o f t e n  by t h e  

presence of p a r t i c l e s  c o l l e c t e d  during ascent .  

Above charge 9 w e  f i n d  t h e  composition is  cha rac t e r i zed  by t h e  

absence of n u c l e i  of odd charge,  with evidence of a h igher  p ropor t ion  

of Mg r e l a t i v e  t o  N e  and S i  when represented i n  terms of energy p e r  nucleon 

though both s t a t i s t i c s  and charge r e s o l u t i o n  are poorer  here  than  f o r  t h e  

medium charge group. 

charges  15 t o  19 w e  a l s o  s e e  a gap between t h e  two abundance peaks around 

I n  a d d i t i o n  t o  t h e  well-known l a c k  of par t ic les  of 

charges  20 and 26. This  gap is e n t i r e l y  c o n s i s t e n t  w i t h  un ive r sa l  abun- 

dances as are t h e  low f l u x e s  of odd-charged nuc le i .  

The p r i n c i p a l  motivat ion f o r  studying t h e  composition of t h e  

cosmic r a d i a t i o n  i s  t o  l e a r n  as much as poss ib l e  of t h e  elemental  

composition of t he  source,  thereby t o  

of nucleogenesis  i n  i t .  There is now 

2 
cosmic r ays  p a s s  through 2 t o  3 g/cm 

i d e n t i f y  i t  and t o  s tudy  t h e  processes  

cons iderable  evidence t h a t  t h e  

of i n t e r s t e l l a r  material before  

1 

a r r i v i n g  a t  e a r t 3 a n d  one would l i k e  t o  account f o r  t h e  e f f e c t s  of t h i s  

material on t h e  composition. Data on t h e  r e a c t i o n  c r o s s  s e c t i o n s  f o r  

p ro tons  ( i n t e r s t e l l a r  material) inc ident  on va r ious  n u c l e i  have been 

summarized by Badhwar e t  a l .  and w e  have used these  d a t a  t o  estimate 
16,17 

t h e  abundances of e lements ,  p a r t i c u l a r l y  C ,  N ,  and 0 at t h e  source.  The 

r e s u l t s  of t hese  c a l c u l a t i o n s  are shown i n  Table 11, t h e  most s i g n i f i c a n t  

f e a t u r e  being the  disappearance of t he  n i t rogen  on e x t r a p o l a t i n g  backward 
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2 
through about 2 . 5  g/cm 

t h e  f a c t  t h a t  about ha l f  of t h e  i n e l a s t i c  c r o s s  s e c t i o n  f o r  oxygen-proton 

r e a c t i o n s  leads t o  n i t rogen  as a s t a b l e  product.  The r e l a t i v e  abundances 

of the  d i f f e r e n t  spec ie s  of medium n u c l e i  a r e  a f f e c t e d  only very  s l i g h t l y  

by d i f f e r i n g  energy l o s s  rates and given similar source s p e c t r a  an energy 

dependent composition can only  be generated by assuming energy dependent 

c ros s  sec t ions  f o r  t he  product ion of C and N from 0.  Though incomplete,  

t h e  e x i s t i n g  measurements of similar r e a c t i o n s  show no s t r i k i n g  energy 

dependence, o r ,  i f  anything an energy dependence which might be expected 

t o  inc rease  the n i t rogen  product ion a t  low ene rg ie s .  

parameters a r e  assumed t o  have t h e i r  high-energy va lues  and if t h e  abundances 

measured in the low-energy experiments do more c o r r e c t l y  r e f l e c t  t h e  cosmic 

r ay  composition ou t s ide  t h e  atmosphere than  do t h e  ba l loon  experiments ,  

then  we are l e f t  w i th  t h e  conclusions t h a t  t h e  source  might be almost 

e n t i r e l y  devoid of n u c l e i  of odd charge wi th  Z 2 3 and t h a t  t he  abundance 

of N ,  l i k e  t h e  abundances of Li, B e  and B ,  might be used as a measure of 

i n t e r s t e l l a r  path length.  I n  s t a t i n g  t h i s  r e s u l t  we would cau t ion ,  how- 

eve r ,  t h a t  t h e  measurement e r r o r s  are s u f f i c i e n t l y  l a r g e  t h a t  a source 

composition with abundances of medium n u c l e i  s i m i l a r  t o  those  given by 

Cameron cannot be excluded e n t i r e l y .  

of hydrogen. Th i s  e f f e c t  r e s u l t s  p r imar i ly  from 

I f  t he  fragmentat ion 

I V  . Conclusions 

I n  conclusion,  w e  f i nd  t h a t  t h e  L/M r a t i o  has  a t t a i n e d  t h e  low va lue  

of .16 2.07 i n  the  40 t o  100 MeV/nucleon r eg ion  whi le  t h e  H/M r a t i o  has 

a va lue  s imilar  t o  t h a t  found a t  higher  ene rg ie s .  
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A detailed examination of the cosmic-ray charge structure shows a 

nitrogen abundance which is not inconsistent with that which would result 

from fragmentation of the observed Z 2 8 nuclei in passing through - 2 . 5  g/cm 

of hydrogen. 

to be 1.2 2 0.3 in reasonable agreement with satellite measurements in 

the vicinity of 100 MeV/nucleon but in disagreement with the much lower 

value found at high energies in balloon experiments. 

clear whether this disagreement results from an energy dependence of 

unknown origin or from the effect of the residual atmosphere above the 

balloons. 

2 

The ratio of the fluxes of oxygen and carbon nuclei is found 

It is not at all 
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F igure  Captions 

F igure  1: S c a t t e r  p l o t  of p a r t i c l e  charges determined by t h e  method 

descr ibed  i n  t h e  t e s t  u s ing  t h e  measurements of two d i f f e r e n t  

observers.  

here so t h a t  t h e  energy o r  r i g i d i t y  i n t e r v a l  i s  a f u n c t i o n  

of charge.  P a r t i c l e s  wi th  a measured charge l e s s  t han  2.5 

have been suppressed. 

Note t h a t  a l l  t r a c k s  accepted a r e  represented  

F igure  2:  D i f f e r e n t i a l  f l u x e s  of l i g h t  (3 5 Z < 5 ) ,  medium (6 S Z 59) 

and heavy (Z  2 10) n u c l e i  i n  J u l y  1964. 

o) -par t ic le  f luxes  f o r  t h e  same pe r iod  ( see  t e x t )  m u l t i p l i e d  

by 0.070 and 0.027 f o r  comparison wi th  t h e  M and H n u l c e i  

r e spec t ive ly  . 

Sol id  curves a r e  t h e  
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